We present an e ciency wage model in which w orkers' e ort depends on the level and on the growth rate of their wage relative to an alternative w age. Using data for four countries US, UK, FR, GY, the implications of the model are examined and are found to be in accordance with the information in the non-stationary data. The restrictions implied by the model dynamics are not rejected by the data. Moreover the structural parameters are found to be constant through time, indicating that, although very simple, the model is likely to be robust to the Lucas critique. One interesting result is that the workers' e ort depends less on relative w ages growth and more on relative w age levels in the US than in the three European countries analyzed.
Introduction
The contrast between the US pattern of the labour market and its European counterpart has attracted wide attention see e.g. Card, Kramarz and Lemieux 1996 . Indeed, in the last two decades, the US labour market was characterized by constant o r e v en declining real wages and rising employment, while the European labour market experienced steadily rising real wages and falling employment, implying a substantial and persistent high level of unemployment.
There are many reasons for doubting that the time series properties of wages and employment can be understood in terms of the outcome of a competitive labour market. Indeed, dynamic models with perfect competition systematically fail to re ect the low response of wages to shocks and the high response of employment. Attempts to tackle this failure within the Walrasian paradigm are proposed in Christiano and Eichenbaum 1992 , Burnside, Christiano and Rebelo 1993 and Fairise and Langot 1994 and further evaluated using European data by F eve and Langot 1994.
Departures from the Walrasian framework account for some of these facts An exploratory computable model is proposed by B enassy 1995. Among the various ways to improve modelling the labour market, e ciency wage theories seem a very promising one. In these models, the rm chooses the wage so as to motivate its employees, to reduce its turnover costs or to attract a larger share of skilled workers to its work basin. As stressed in the recent survey of MacLeod and Malcomson 1995, these models are able to explain why w ages may not respond to some shocks and or display asymmetric behaviour over the business cycle and why employment v aries so much.
In this paper, we develop an e ciency wage model which accounts for the following issues. First, various studies tend to show that, in addition to the usual comparison of the level of rm's wages with outside wages, workers compare also their current situation with that in the past. 1 Past situations are used as a benchmark to evaluate current outcomes. As a consequence workers are interested in rising wage pro les, as shown in Loewenstein and Sicherman 1991 and Frank and Hutchens 1993. 2 Second, a large number of empirical studies nd that many macroeconomic and sectoral time series contain a unit root and that the unemployment rates display a high degree of persistence. Our model will be formulated in such a w ay that it is consistent with the presence of non-stationarity in the time series related to output, employment and wages and with a high degree of unemployment persistence.
Accordingly we propose a dynamic model in which a representative rm chooses employment and a wage level designed to motivate its employees. The e ort of these employees depends both on the level and on the growth rates of wages compared to those of the alternative w ages i.e. in the rest of their sector. With the aim to understand wage 1 This is supported by v arious empirical analyses. For instance an interesting study has been carried out by Lord and Hohenfeld 1979 . They compared the performance records of 23 major league baseball players who, for contract reasons, were paid less one season than they were the previous season. Thus, using their own salaries for the previous year as a basis of comparison, they were expected to have felt underpaid. The study shows that these players lowered their performance; in particular, they had lower batting averages, hit fewer home runs, and had fewer runs-batted-in. from Greenberg and Ornstein 1984. 2 Kotowitz and Portes 1974 and de la Croix, Palm and Pfann 1996 apply the same idea to unions.
2 and employment dynamics, the implications of this model are confronted with data for manufacturing sectors in US, Germany, Great-Britain and France. Using the information contained in the observed stochastic and deterministic trends, a cointegration Engle and Granger, 1987 restriction is derived from the theoretical model and used to estimate a rst set of parameters. If cointegration is not rejected, the remaining parameters are obtained from the estimation of the Euler equations by the Generalized Method of Moments Hansen, 1982 . If cointegration is rejected, the adequate unit root is imposed, and the set of parameters is estimated in one step by GMM. We also analyse systematically the issue of parameter constancy, both at the level of the cointegration restriction and at the level of the GMM estimation.
The paper is organized as follows. In section 2, the theoretical model is presented. Section 3 describes the data and some summary statistics. In Section 4, results of the empirical analysis are presented. Section 5 contains some concluding remarks.
The model
The production function is y t = fa t ;l t ; k t ; 1 where y t is production and k t the capital stock. The stochastic variable a t is a productivity shock.l t represents e cient hours of work which are given bỹ l t = e t h t l t ; where l t denotes hours input and h t e ort per hour. The parameter measures the growth rate of deterministic labour-saving technical progress. The production function is supposed to have a CES form: The empirical analysis will be designed to evaluate the importance of both types of technical progress and to test whether a t contains a unit root, i.e. = 1 . As usually assumed in e ciency wage models, the representative rm chooses its wages in order to increase the e ort of its employees. The e ort function has been introduced by Solow 1979 and used since then by many others, see e.g. Danthine and Donaldson 1990. In the standard approach, the e ort function depends on the level of wages compared to the level of the alternative w age: h t w c t =w c t . Assuming furthermore that the alternative wage is equal to the wage times the probability of nding a job, i.e. one minus the 3 unemployment rate, w c t = 1 ,u t w c t , the level of e ort depends on the unemployment rate. The rm's optimality conditions states that, at equilibrium, the elasticity of e ort with respect to wages should be one this relation is known as the Solow 1979 condition. The implications of this relation are not easily in accordance with a high degree of persistence in unemployment. Indeed the optimality condition contains a variable which is not far from being non-stationary so that it has to include other elements in order to become empirically plausible. The standard approach in which e ort is a function of the relative wage is thus extended by assuming that the e ort function also depends on the growth of the wage in the rm compared to the growth of the alternative w age, i.e. the wage paid by other rms of the sector weighted by the probability of nding a job in these rms: are respectively the hourly real wage paid by the rm and the average hourly real wage in the rest of the sector and the consumption price index is used as de ator. The parameter 1 measures the extent to which e ort is sensitive to the di erence in percent b e t ween the worker's wage and the alternative w age. The parameter measures the extent t o which e ort is sensitive to the di erence between the growth of the worker's wage and the growth of the alternative w age. If = 0, one retrieves a standard formulation of e ciency wage models, see e.g. Summers 1988 .
Real pro ts of the rm are: The capital stock obeys the standard accumulation rule:
where is the depreciation rate. At time t, the rm chooses plans for wages, hours input and capital input so as to maximize the expected current real value of future pro ts given the information t available at time where E t f:g = E f: j t g.
The dynamics of the system results from the dynamics of the technological shock, the e ort function and the accumulation of capital. The rst equation states that workers are hired up to the point where the marginal productivity of labour in e ciency units is equal to the real wage. The second equation is a modi ed Solow condition. If = 0 i t states that the wages should be set such that the elasticity of e ort to wages is equal to one, or stated otherwise, that the wage of the rm is a mark-up over the alternative w age 1 , w c t = w c t :
When 6 = 0 this condition has to be modi ed to take i n to account the fact that workers are also interested in relative w age growth. The third equation is the standard optimal investment rule.
Equation 6 also gives rise to an interesting interpretation in the framework of a symmetric equilibrium. Indeed, in the majority of e ciency wage models the alternative wage w t is given at the symmetric equilibrium by w t = 1 , 1 , u t w t ; 8 where u t is the unemployment rate, whith 1 , u t measuring the probability of nding a job in the rest of the economy. The parameter is inversely related to the relative importance of unemployment in determining the worker's outside opportunities. Using 5 to replace @f @lt e t h t by its value, and using 8, we nd:
Notice that, at the symmetric equilibrium, the variable X depends on the growth rates of wages and unemployment. Loosely speaking, the parameter 1= measures the importance of the level of unemployment in the wage formation process. If 1= is very low, the fact that u t could depart from a value given by =1 , will not a ect signi cantly the optimal rule of the rm, and the growth rate of wages depends only on the growth rate of unemployment. If 1= is high, the level of unemployment is important and a ects the optimal growth rate of wages. To summarize, if workers attach m uch w eight t o w age growth in determining their e ort level, the optimal wage set by the rm will not react much to the level of unemployment. In a general equilibrium model, this characteristic may in turn lead to hysteresis or persistence in unemployment. Let us brie y consider the implications of these rst order conditions for the estimation method. Considering that the growth rate of real wages is stationary and assuming that unemployment is stationary, in which case e ort is itself stationary, w e m a y consider two di erent cases, depending on whether the technical progress is stationary or not. In both cases, a natural way to estimate the Euler equations of the model is to use the Generalized Method of Moments GMM proposed by Hansen 1982 . When applying GMM we impose the unit roots and or the cointegration relationships established in the rst step of the empirical analysis. By imposing these restrictions, we w ant t o a void estimating unit roots and satisfy ergodicity and mixing conditions and thereby minimize the risk for GMM estimates and GMM-based tests to have non-standard asymptotic properties. A similar approach is used, a.o., by Ogaki 1992 and de la Croix and Urbain 1996. This two-step approach generalizes the one proposed by Dolado, Galbraith and Banerjee 1991 to non-linear Euler equations with I1 variables. We n o w i n vestigate in turn the case in which the stochastic technical progress is stationary, i.e. 1, case A and the case in which this technical progress has a unit root, i.e. = 1 case B.
Let us assume that the technical progress is stationary j j 1. In this situation and if the exogenous variables are I1 processes, the theoretical model implies that real wages w When estimating the Euler equations 11 -12, we shall assume that the productivity shock z t has already occurred and is known to the rm when it takes its decision. The shock is of course an unobservable for the investigator. Therefore, z t is treated as a disturbance in equation 11.
3
Let I t be a subset of t consisting of observed lagged stationary variables. The moment restrictions used for the GMM estimation of the parameters can be summarized as: E z t e t+1 0 I t = 0 : 13 Finally notice that for reasons of exibility equation 7 will not be included in the GMM estimation. This will result in a loss of e ciency but not in inconsistency as in the sequel the capital stock will be treated as an endogenous variable for which an instrumental variable is used.
If the technical progress is integrated of order one, in order to impose this unit root it is necessary to take equation 5 in rst di erences: l n w 7 source of these data are provided in Appendix A. The sample is the same for all countries and covers the period 1963:3-1994:4. In the case where the stochastic process representing the technological progress is assumed to be a stationary AR1 process Case A, our empirical analysis will consist of di erent steps. For each country, w e proceed as follows: i determination of the order of integration of the individual series, ii i n vestigation of the presence of cointegration between w p t and y t =l t in order to obtain point estimates of and , iii given that these are super-consistently estimated in the case of cointegration, we m a y then x these parameters at their point estimates^ and and estimate the remaining parameters of 11 and 12, i.e. ; and , in a second step by Generalized Methods of Moments. The last step of the empirical analysis is then the investigation of the potential parameter non-constancy of our retained speci cation and estimation results.
Accordingly we rst compute 4 some standard univariate unit root tests in order to obtain empirical evidence in favor or against the assumption of stochastic trends in our data. Notice that under the assumption of a stationary technical progress, and the assumption of I2 nominal wages and prices, one of the implication of our theoretical model is that both real wages and productivity should be co-integrated I1 processes. The Appendix B presents the outcome of standard Dickey-Fuller 1979 , 1981 tests denoted by DF : , and Phillips and Perron 1988 tests Z : . Since nominal variables are possibly represented by I2 processes, the test statistics are computed for the second di erences, the rst di erences as well as for the level of the series. Two v ersions of the statistics are considered: with both a constant and a linear time trend in the underlying regression model, denoted by a subscript tr, and with a constant term alone, denoted by the subscript cst. For the level i.e. I1 versus I0, we compute the statistics for the null of a random walk with drift against the alternative of a trend stationary process. For the rst di erence we consider both the case with and without trend while for the second di erence we only retain the case with a constant as it seems unlikely to have I2 series with drift. From the table in this appendix, it appears that if we base the analysis on the Z tests, for almost all series and all countries, we m a y not reject the hypothesis of a single unit root in our series. If the results are based on DF type of statistics, there is some evidence in favor of I2 prices and wages, but again the outcomes favor the I1 nature of real wages. Note that in accordance with many empirical studies 5 , unemployment rates again are found to be I1 processes over the sample period. 6 Employment on the other hand is possibly trend stationary for the US with a negative trend while the outcomes for the other countries again favor the I1 assumption. Real wages and labour productivity are always best described by I1 processes. Note nally that Phillips-Perron's tests reject the unit root hypothesis for all the interest rates series. 
Cointegration Analysis
There exists a wide range of approaches to cointegration testing and estimation in the literature, ranging from simple Engle and Granger 1987 static regressions to multivariate analyses. While the latter methods -like the popular Johansen 1991 maximum likelihood framework-have a n umber of clear statistical advantages in terms of their e cient use of the sample information and the underlying optimal inference that can be conducted, they are usually characterized by some particular maintained assumptions which w e cannot retain for our analysis. The assumption of a linear nite order Gaussian VAR model which underlies for example Johansen's framework is an assumption which w e can hardly maintain given our theoretical set-up. A possible alternative is therefore to use asymptotically median-unbiased estimators that do not require a speci c parametric representation of the short run dynamic and that nevertheless lead to optimal inference in the sense of Phillips 1991. The latter can for example be achieved by means of semi-parametric corrections for endogeneity and serial correlation which in our case would stem from the presence of ln h t in v t , see 9. In this paper, we c hoose to use the Fully Modi ed Least Squares FMLS estimators proposed by Phillips and Hansen 1990 and Hansen 1992b as well as Park 1992 Canonical Cointegration Regressions CCR which yield asymptotically optimal estimates of the non-stationary components and are asymptotically equivalent to FIML parametric estimators but without requiring an explicit parametrization of the short run dynamics. Given the rst order condition, we c hoose productivity as the regressand and real wages as the regressor. From 9 we see that we should also allow for the possibility of a linear trend in the cointegration regression. The resulting parameters, whose signi cance can be tested using fully modi ed t-statistics, are then simply for the real wages and 1 , for the linear trend. Table 1 reports the cointegration results obtained from the use of the FMLS estimator computed with a Quadratic Spectral kernel function and an automatic plug-in bandwidth parameter. The Appendix C reports some comparable results obtained by using di erent estimation techniques such as CCR, straightforward OLS as well as FMLS both with and without VAR1 prewhitening. As pointed out for example by Haug 1995 and Cappucio and Lubian 1994 Under the null of parameter constancy of the cointegration regression, the asymptotic distribution of SupF depends on the number of regressors in the cointegration regression and on the speci cation of the deterministic components. MeanF is computed from the same sequence, shares the same null hypothesis but is likely to be more powerful against gradual changes in the parameters. The respective 5 critival values are approximately given by 15.2 and 6.2 respectively.
From this Table we see that the null of cointegration, as tested by means of L c , cannot be rejected for the US, France and Germany while the results for the UK are much more on the borderline which might indicate, for the UK at least, a possible violation of the assumption made in Case A. This could be an indication of the inappropriateness of the assumption of a stationary AR1 technological progress which could contain a unit root and hence imply a lack of cointegration see 9. Case B will therefore be of interest, at least for the UK. This is partly con rmed by the results reported in Appendix C. Notice also that for all countries, Table 1 shows that the assumption of parameter constancy cannot be rejected using Hansen 1992a's SupF and MeanF statistics.
GMM analysis -case A
Given the non-linear dynamic rational expectations formulation of the theoretical model, the non-linear IV version of GMM seems a natural method for estimating the remaining parameters of the Euler equations. In analogy to Engle and Granger 1987 two-step method, we presume that the asymptotic properties of the second step GMM procedure are not a ected by the rst step estimation since the estimators for and from cointegrating regressions converge faster than the GMM estimators. For each country, the two equations 11-12 are thus estimated jointly imposing the adequate cross restrictions.
The value of in a fully worked out model would depend positively on the utility o f leisure, the value of unemployment bene ts and negatively on the duration of unemployment. However, such a richer speci cation is very di cult to implement here due to a lack 10 of quarterly data concerning these variables for manufacturing. We shall consider here as a constant that we arbitrarily set to 0.9. This value can be seen as a replacement ratio corrected for the disutility o f w ork.
Concerning the discount factor, we use a varying discount factor of the form: where r j is the real interest rate. The model has also been estimated using a constant imposed discount factor of 0:99. This leads to the same conclusions as the analysis of the main text, and the corresponding results are presented in appendix D.
As discussed in Hall 1993 and Ogaki 1993a , the GMM often appears to be sensitive to the chosen instrument set. In particular, for a xed sample size, increasing the number of instruments increases the number of overidentifying restrictions but, at the same time, may i n troduce substantial bias in the estimates of the coe cients. For case A, the retained instrument set includes wherev t is the residual of the cointegration regression as de ned in 9. The presence of trend 2 stems from the non-linear structure of the Euler equations. With this instrument set, the numberofoveridentifying restrictions is equal to 15. As suggested by K o c herlakota 1990 and Nelson and Startz 1990, we iterate on the optimal weighting matrix i.e. the inverse of the covariance matrix of the orthogonality conditions in order to improve the properties of the estimators.
The results of the GMM estimation of 11-12 are presented in Table 2 . Robust standard errors are reported in parentheses. These are obtained on the basis of the heteroscedasticity and autocorrelation consistent c o variance matrix of Newey and West 1987. J Given that, following the cointegration analysis, we do not reject the constancy of the long-run parameters, we analyse the constancy of the short-run parameters conditionally on the estimates of the long-run parameters. The analysis considers a sequence of LR type tests, see Andrews 1993, computed as the di erence between the partial-sample GMM objective function evaluated at the full sample GMM and at the partial sample-GMM estimators.
is Hansen 1982's test for overidentifying restrictions, asymptotically
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The structural break is allowed to occur in the interval of time 0:15; 0:85 . SupLR is thus the supremum of the sequence of the quasi likelihood ratio type test for parameter constancy. The critical values are 14.15 at 5 and 17.68 at 1 for a model with three parameters.
From Table 2 , we m a y draw the following conclusions. First, all coe cients have the expected sign and are signi cantly di erent from zero except for the UK. Second, according to the J test , the over-identifying restrictions arising from the model are never rejected at 5. Third, the parameter is always signi cantly lower than 1, even if we use a Dickey-Fuller distribution instead of a student distribution for t =1 . This is consistent with the cointegration analysis for three countries out of four. For the UK, the parameter of the AR1 process of technological shocks is also signi cantly lower than one, although the evidence in favour of cointegration is less clearcut. Fourth, parameter constancy is moderately rejected for France at 5 but not at 1. It is not rejected in the three remaining countries. Fifth, 1= is signi cantly larger for the US than for the three European countries. The interpretation of this is discussed later in the text.
GMM analysis -case B
We n o w present the estimation results of the model under the assumption that the productivity shock contains a unit root. We h a ve seen that this assumption may seem realistic for the UK. To facilitate cross-country comparisons, the estimation under case B has been carried out for each of the four countries. The instrument set di ers slighlty from case A, 12 since we h a ve no cointegration residuals to include in the instrument set:
I t = n cst; trend; trend 2 ; u t,1 ; l n w c t,1 ; l n l t,1 ; l n This leads to 15 overidentifying restrictions. The results are presented in Table 3 . As before, all coe cients have the expected sign and are signi cantly di erent from zero. The point estimates are not very di erent from the analysis under 1 except those of . According to the J test , the over-identifying restrictions arising from the model are not rejected in the rst three countries and at the margin for Germany.
The parameter constancy hypothesis is rejected for all countries the critical value for a model with four parameters is 16.45 at 5 and 20.71 at 1.
The cointegration tests presented earlier together with the parameter constancy results favors the idea that for three countries US, FR and GY the model with a stationary productivity shock and an estimation method in two step gives better results. For the UK, there is no evidence in favour of cointegration, and the estimation in one step by GMM gives acceptable results although parameter constancy is rejected. We t h us retain the assumption that = 1 for the UK although the alternative can also be supported on the basis of di erent arguments. Note that the estimates for and do not di er substantially between the two alternatives.
An analysis of the residual correlations of the models in cases A and B indicates that there is some serial correlation and cross-correlation present in the disturbances. For France and for the US, the residual rst order correlation is of importance and leads to signi cant v alues for the Ljung-Box test. For the UK and Germany, residual correlations at lags three and or four are signi cant in some instances as well. This could result from seasonality still present in the seasonally adjusted series. Of course, in order to deal with the residual serial correlation, one can further re ne the dynamics of the model. For instance, e ort could be assumed to depend on a comparison between lagged annual growth rates of wages instead of the lagged quarterly rates. Such a speci cation would rely on the assumption that workers compare the evolution of wages over a longer period of time. Alternatively, a more general speci cation for the process of the technology shocks would account for serial correlation inẑ t . These extensions are left for future research. However, in view of the moderate size of the residual serial correlations, we do not expect any substantial inconsistency to arise in GMM estimation.
Cross-country comparison
Considering the results of Table 2 and 3, it may be important to proceed to a crosscountry comparisons of the parameters estimates which display some similarities and one interesting di erence. The parameter which measures the sensitivity of e ort to wage growth comparisons is signi cantly lower in the US. On the other hand, the parameter is signi cantly larger in the US, re ecting that e orts depends more on the comparison between the levels of wages. The question that naturally arises is to know i f w e can impose the parameters and to be the same for all three European countries. Exploiting the fact that the sample period is the same for the four countries, this issue can be addressed by estimating an eight equations model using a seemingly unrelated GMM procedure. In that case, the country speci c restrictions are based on the orthogonality b e t ween the residuals and the country speci c instruments, so that the instruments related to the three other countries are excluded.
The estimation results are presented in Table 4 in which as been set to 1 for the UK and and are set to the values obtained with FMLS for the three other countries. The number of overidentying restrictions is 63. The J-test gives a value of 50.5089 which allows us to not reject the overidentifying restrictions p-value = 0.8720. Using standard Wald-type tests, we cannot reject the hypothesis that 1= U K = 1 = F R = 1 = GY p-value = 0.7649. On the other hand, the restrictions that U K = F R = GY are rejected pvalue = 0.0000, while the less restrictive assumption that U K = F R is much more close to the borderline case p-value = 0.1144. These tests imply that, with respect to the parameter , the countries can be classi ed in two blocks, the US on the one side with a relatively low e et of wage growth on e ort, and the three European countries on the other side with a relatively high e ect of wage growth on e ort.
Conclusion
We proposed a dynamic model in which a representative rm chooses employment and a w age level designed to motivate its employees. The e ort of these employees depends, rst, on a comparison between the level of their wage and the level of the alternative wage and, second, on a comparison between the respective growth rates. The restrictions arising from this model have been confronted with data for manufacturing sectors in US, Germany, Great-Britain and France. From the theoretical model we derive a cointegration restriction between real wages and labour productivity, which is in agreement with the nonstationarities found in the data. Empirical evidence in favour of cointegration is found for the US, France and Germany, indicating that technical progress has been trend stationary in these countries. For these three countries, a rst set of parameters is estimated by F ully-Modi ed Least Squares and the remaining parameters are obtained from the estimation of the Euler equations by GMM, given super-consistent estimates of the rst set of parameters. For the United-Kingdom, the evidence from the cointegration analysis is less clear-cut. There is evidence in the data in favour of a unit root in the technological shock. We then estimate the full set of parameters in one step by GMM, although the alternative is also defendable.
The conclusion is threefold. First, the implications of the model seem in accordance with the non-stationarity present in the data and the restrictions imposed on the dynamics are not rejected. Second, the model is very simple but and given that parameter constancy is not rejected in three countries among four, it is relatively robust to the Lucas critique from a practical point of view, parameter constancy appears indeed as a necessary but not su cient condition for robustness to the Lucas critique. Third, the parameters of the US e ort function are signi cantly di erent from those for European countries. E ort is less sensitive t o w age growth comparisons in the US than in the three European countries. In these three countries, we m a y restrict the sensitivity parameter to be the same. In the US, e ort is more sensitive to the relative w age than in Europe. European workers seem more attached to previous wage conditions and put more weight o n w age increases. According to our results, the optimal wage growth set by the rm is more sensitive to the level of unemployment in the US than in Europe.
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